This study aimed at investigating the phenotypic diversity of indigenous sheep breeds in selected districts of south Wollo highlands and to assess the effect of crossbreeding of Wollo sheep with Awassi on growth and morphological characters under stallholder management of eastern Amhara, Ethiopia. Three districts were selected purposely based on their sheep flock size, sheep production potential and their contribution to the farmers. Body weight and linear body measurements were taken from 525 mature indigenous sheep and Local x Awassi crossbred. Body weight and most of the linear body measurements of indigenous sheep population were significantly affected by the district. Crossbred had significantly higher body weight and body measurements than indigenous sheep in Legambo district. Sex had significant effect on body weight, wither height and rump height for Awassi crossbred. Body weight and all linear body measurements were significantly influenced by age group. Sex and age group interaction significantly affected body weight and most linear measurements of indigenous sheep, and significantly affected wither height and rump height of local x Awassi crossbred. There was a positive and strong correlation between body weight and chest girth of indigenous female sheep as well as between rump height, body length, chest girth, wither height and body weight of indigenous male sheep. Positive and strong correlation between body weight and chest girth was observed for Awassi crossbred female. Chest girth and body length for indigenous and local x Awassi crossbred sheep could be used for the prediction of body weight. The body weight of local x Awassi crossbred (28.75±0.49 kg) was higher than the indigenous sheep (22.19±0.41 kg) in Legambo district. As the conclusion indigenous sheep has potential for improving livelihood and economy of smallholder farmers using crossbred in the study areas.
INTRODUCTION
Genetic diversity provides the raw material for breed improvement and for the adaptation of livestock populations to changing environments and changing demands. Information on the origin and history of animal genetic resources (AnGR) is essential to the design of strategies for their sustainable management (AjmoneMarsan et al. 2010; Felius et al. 2015) . The top five countries by sheep population from the world are China, Australia, India, Iran and Nigeria by 202 million, 72.6 million, 63 million, 50.2 million and 40.6 million sheep population, respectively (FAOSTAT 2014) . According to FAOSTAT (2014) Africa has 340.5 million sheep population and the 2 nd largest continent next to Asia by sheep population.
Ethiopia is home for at least nine breeds and 14 traditional sheep populations (Gizaw et al. 2007) . The country has a varied sheep population of about 14 sheep types in four major groups, i.e. sub-alpine short fat-tailed, highland long fat-tailed, lowland fat-rumped/tailed and lowland thin-tailed (Gizaw et al. 2008) . The sub-alpine short fat-tailed group consisting of Menz, Tikur, and Wollo and Simien sheep types is predominantly found in the central and northern highlands at an altitude of above 2500 m. In this area, sheep are mainly reared for income generation from the sale of lambs at market age although they are also important as a source of food, manure and socio-cultural benefits (Gizaw et al. 2008; Getachew et al. 2010) .
From 28.89 million sheep population, about 72.84% are females, and about 27.16% are males. From the total number of sheep, 99.78% are indigenous breeds and the rest are improved sheep (CSA 2016) . They also serve up as a means of risk mitigation during crop failures, property security, monetary saving and investment, in addition to many other socio-economic and cultural functions. At the national level, small ruminant accounts for about 90% of the live animal/meat and 92% of skin and hide export trade value (Asmare 2010) .
Amhara National Regional State has 9.80 million sheep (CSA 2016) . South Wollo zone has 1.86 million sheep. South Wollo zone's estimated sheep population is often said to be the largest in Amhara region (CSA 2016) . Sheep have special features like efficient utilization of marginal and small plot of land, short generation length, high reproductive rate, low risk of investment and more production per unit of investment as compared with cattle.
The usefulness of characterization of the phenotypic and the genotype of the indigenous sheep breeds (types) is not in doubt. Classification of the breed is the base for different sheep breed improvement strategies and sheep productivity scheme. Breed diversity is high in peripheral and remote areas of the country (Gizaw et al. 2008) due to less human intervention for crossing. Similarly, sheep are adapted to various ecological niches and the differing needs and preferences of their breeders who belong to different ethnic communities. High phenotypic diversity observed for morphological characters on sheep found in the country (Gizaw et al. 2007 ) and the significant within and between breed.
Urbanization and growing human population in the country resulted in increased domestic demand for sheep meat, which also offers significant incentive for marketoriented production. It is very vital to improve sheep productivity in order to satisfy the large population of the country estimated at 81 million with 2.7% an annual growth rate (AMFI 2010) . The transfer of successful animal breeding schemes from developed countries also proved to be difficult or impossible in many instances because such schemes are high-tech operations involving sophisticated methods of measuring and evaluating animals, biotechnologies, very high level of organization and high level of input of capital and labor (Kosgey et al. 2006) .
To improve sheep productivity, therefore, crossbreeding with exotic breeds is considered as the most rapid way of improving productivity of indigenous sheep breeds (Kosgey and Okeyo 2007) . To accomplish the crossbreeding program, the Ethiopian Sheep and Goat Productivity Improvement Program (ESGPIP) took the responsibility for importation of improved genotypes, multiplication of pure-bred, crossing with indigenous sheep and distribution of both crossbred and pure exotic animals to sheep producers especially for Dorper sheep and Boer goat. The sheep crossbreeding project started with various exotic wool breeds. Government bodies were responsible for importing; multiplication and dissemination of Hampshire, Corriedale, Dorper, Merino and Awassi. The two ranches of Debre Birhan and Amedguya were the main actors particularly for Awassi sheep multiplication and dissemination. Initially, 50 Corriedale, 6 Hampshire and 6 Romney exotic rams were introduced. However, the exotic breeds were later abandoned because they were not accepted by the farmers as the breeds did not meet farmers' phenotypic preferences for horns and tails. In 1980, the Awassi breed, which has a similar phenotypic appearance to the local sheep, was introduced from Israel and has been well accepted by producers (Gizaw and Getachew 2009 ). In 1980, Awassi sheep were introduced from Israel and kept at Debre Birhan Sheep Breeding and Multiplication Center (DBSBMC) and Amed Guya Sheep Breeding and Multiplication Center (AGSBMC). There were also continuous importations of pure-bred Awassi sheep totaling 45 (ram and ewe lambs). The two government farms have been engaged in multiplication and distribution of crossbred rams to farmers at a subsidized price. In 2011, about 170 pure Awassi sheep were imported from Israel to start again crossbreeding in the farms (Getachew et al. 2016 ). On-farm Awassi x local crossbreeding was started in 1997 by Debre Birhan Agriculture Research Center (DBARC) aiming to evaluate the performance of crossbred sheep under farmer management. The project was carried out in three villages; Serity, Negasi-Amba and Chiro. Chiro was located in south Wollo administrative zone of the Amhara regional state (Getachew et al. 2015) .
Animal live body weight is an important feature, but can hardly still be measured in rural areas due to lack of reasonable accurate scales. Therefore, farmers have to rely on questionable estimates of the body weights of their sheep, leading to inaccuracies in decision making. The most important method of weighing animals without scale is to regressed body weight to body characteristics, which can be measured readily. Body measurements have been used to predict body weight by several authors in many breeds of sheep (Sowande and Sobola 2007; Cankaya 2008; Abera et al. 2016) .
This study aimed at investigation the phenotypic diversity of indigenous sheep breeds in selected districts of South Wollo highlands and to assess the effect of crossbreeding of Wollo sheep with Awassi on growth and morphological characters under stakeholder management.
MATERIALS AND METHODS

Description of the study areas
The study was conducted in South Wollo zone. South Wollo is one of 10 zones and one special district in the Amhara Region of Ethiopia. South Wollo is bordered on the south by North Shoa and Oromia Region, on the west by East Gojjam, on the northwest by South Gonder, on the north by North Wollo, on the northeast by Afar Region, and on the east by the Oromia zone and Argobba special district. Its highest point is Mount Amba Ferit. Dessie is the capital city of south Wollo. Based on the 2007 Census conducted by the Central Statistical Agency of Ethiopia (CSA 2008) , this zone has a total population of 2,518,862, with an area of 17,067.45 square kilometers. South Wollo has 22 districts; from these districts, the study was conducted in three selected districts of south Wollo zone, the three representative districts are Wogide (Wegde), Borena (Debresina), and Legambo ( Figure 1 ; Table 1 ).
Sampling techniques
South Wollo zone has 22 districts of which three districts were selected purposely based on their sheep flock size, sheep production potential and their contribution to the farmers. To improve body weight and coarse wool production of indigenous Ethiopian sheep, crossbreeding with the Awassi breed imported from Israel is a common practice at Debre Birhan and Amed Guya sheep improvement stations (Lemma et al. 2014 ). On-farm Awassi x local crossbreeding was started in 1997 by Debre Birhan Agriculture Research Center (DBARC) aiming to evaluate the performance of crossbred sheep under farmer management. The project was carried out in three villages; Serity, Negasi-Amba and Chiro. Chiro was located in south Wollo administrative zone of the Amhara regional state (Getachew et al. 2015) . There were 29 participating farmers in Legambo district of Chiro village. Kebele, the lower administrative hierarchy in Ethiopia, were selected considering the density of sheep types. The actual survey included a single visit to a sampling site during which quantitative measurements were made on mature sheep.
From each district, three kebele (total of nine kebele) were selected.
According to FAO (2012) , physical measurements should be taken only from a representative set of adult animals (as judged by dentition): about 100-300 females and 10-30 males. Body weight and linear measurements were taken from a total of 525 mature sheep 405 from indigenous and 120 from local x Awassi crossbred (135 
Data collection procedures
Quantitative traits cover the size and dimensions of animals' bodies or body parts, which are more directly correlated to production traits than qualitative traits are. For example, body weight and chest girth are directly related to body size and associated production traits. In general, these variables have a continuous expression. This is because of the numerous genes that determine or influence their expression (FAO 2012). Body Measurements: Body weight, chest girth (CG), body length (BL), wither height (WH), tail length (TL), tail circumference (TC), rump height, ear length, horn length, scrotum circumference (SC) and body condition score (BCS) were measured using tailors measuring tape while weight was measured using suspended spring balance having 50 kg capacity. Each animal was identified by its sex, dentition and sampling site. Dentition record was included, as this will be the only reliable means to estimate the approximate age of an animal. Ages of the animals were estimated from dentition class following the procedure described by (ESGPIP 2009).
Adult sheep was classified into five age groups; no pair of permanent incisor (0 PPI), 1 pair of permanent incisor (1 PPI), 2 pairs of permanent incisor (2 PP), 3 pairs of permanent incisor (3 PPI) and 4 pairs of permanent incisor (4 PPI) to represent age of fewer than 12 months, 12 to 18 months, 18 to 24 months, 24 to 36 months and more than three years, respectively based on the (ESGPIP 2009). The data collected from each study area were checked for any error and corrected during the study period, coded and entered into the computer for further analysis.
Data management and statistical analysis
Data collected through body measurement were entered into Microsoft EXCEL 2007, Statistical Package for Social Sciences (SPSS 20 for Windows and SAS 9.1 for Windows). Preliminary data analysis like homogeneity test, normality test and screening of outliers were employed before conducting the main data analysis.
Morphological and body measurement data
Data collected on body weight and other body measurements were analyzed separately for each district. Quantitative characters (body weight and linear body measurements) were analyzed using the Generalized Linear Model (GLM) procedures of the Statistical Analysis System (SAS 9.1 2003). Scrotum circumference was analyzed for each breed by fitting age group as fixed factor. Horn was the specific character of male Wollo sheep only so that analysis of horn length was employed for male Wollo sheep only by fitting age group as fixed factor. When analysis of variance declares significance, least square means were separated using adjusted Tukey-Kramer test.
Model to analyze adult body weight and other linear body measurements except for scrotum circumference and horn length was:
Model 1: Yijk =μ + Ai + Dj +Sk + (AxS)ik + eijk Where: Yijkl = the body weight or linear body measurements except scrotum circumference and horn length in the i th age group, j th district and k th sex of μ = overall mean Ai = the effect of i th age classes (i = 0, 1and ≥2) Dj = the effect of j th district (j = Wogide, Borena and Legambo district) Sk = the effects of k th sex (k= male, female) (AxS) ik = the effect of the interaction of i of age group with k of sex Eijk = random residual error Eij= random residual error
Correlation and regression
Pearson's correlation coefficients for each breed were estimated between body weight and other body measurements within sex (SAS 9.1). Body weight and other body measurements: chest girth (CG), body length (BL), wither height (WH), tail length (TL), body condition score (BCS), tail circumference (TC), ear length (EL) rump height (RH), horn length (HL) and scrotum circumference (SC) were included for males whereas scrotum circumference (SC) was excluded from the analysis of female sheep.
Among the above measurements BL, WH, CG, BCS, TC, TL, RH, EL, HL and SC (for male only) were selected based on their strong correlation with body weight, then body weight was regressed on the body measurements (BL, WH, CG, TL, BCS, TC, RH, EL and HL) for females within each age group using stepwise regression procedure of (SAS 9.1 2003) to determine the best-fitted regression equation for the prediction of body weight from body measurements. Likewise, stepwise regression was also employed for females within each age group by excluding SC from the model. Best-fitted models were selected based on the coefficient of determination (R 2 ), R 2 change and simplicity of measurement under field condition. The following models were used for the analysis of multiple linear regressions.
For male: Υ j = α + β 1 X 1 + β 2 X 2 + β 3 X 3 + β 4 X 4 + β 5 X 5 + β 6 X 6 + β 7 X 7 + β 8 X 8 + β 9 X 9 +X 10 β 10 + ej Where: Yj = the response variable (body weight) α = the intercept X 1 , X 2 , X 3 , X 4 , X5, X 6, X 7, X 8, X 9 and X 10 are the explanatory variables body length, wither height, chest girth, tail length, tail circumference, body condition score, scrotal circumference, rump height, horn length and ear length, respectively. β 1 , β 2 … β 9 is regression coefficient of the variables X 1 , X 2 … X 10 ej = the residual random error
For female: Υj =α + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6 + β7X7 + β8X8 + β9X9 +ej Where: Yj = the dependent variable (body weight) α = the intercept X1, X2, X3, X4, X5, X6., X7, X8 and X 9 are the independent variables; body length, wither height, chest girth, body condition score, tail length, tail circumference, rump height, horn length and ear length, respectively. β 1 , β 2 … β 8 is regression coefficient of the variable X 1 , X 2 … X 9 ej = the residual random error.
RESULTS AND DISCUSSION
Body weight and linear body measurements
The main source of variation in live body weight and linear body measurement were district, breed, sex, age group and the interaction of both sex and age group. Information on live body weight and linear measurements of the existing breed types has a vital role in the selection program. Information on body and testicle size of specific sheep breed at constant age has paramount importance in the selection of genetically superior animals for production and reproduction purpose. Therefore, it is not doubted that live body weight and linear body measurement is playing a crucial role in genetic improvement and selection of specific breed.
Effect of district, breed, sex, age group and interaction of age group and sex
District effect
The least squares means and standard errors for the effect of district, breed, sex, age group and interaction of age group and sex on body weight and other body measurements are presented in Tables 2 and 3 for indigenous and Awassi crossbred. In this study body weight and most of the linear body measurements (body length, chest girth, wither height and rump height) were significantly affected by the district (p<0.01) whereas, scrotum circumference was not influenced by district (P>0.05). Alemayehu (2011) and Abera et al. (2016) reported that most of the linear body measurements had significant (p<0.05) effect on live body weight and linear body measurements across the districts studied. In contrary to the current study, Shibabaw (2012) 
Sex effect
For indigenous sheep, sex of the sheep had significant (p<0.01) effect on body weight, chest girth, wither height and rump height. However, body length of indigenous sheep was not affected (p>0.05) by sex of the sheep. This finding is in agreement with ) who reported for Menz and Afar sheep of body weight, chest girth, wither height and rump height had significant (P<0.01) but body length was not (P>0.05) by sex of the sheep; (Taye et al. 2010) reported that a significant effect of sex on body weight, heart girth, body length and height at wither in Washera sheep and (Gebreyowhens and Tesfay 2016) who reported that a significant (p<0.05) effects on body weight and other linear body measurements for Atsbiwonberta district of Tigray Region. However, this study is disagreed with (Alemayehu 2011 ) the sex of the sheep had no significant (p>0.05) effect on the body weight and other linear measurements; (Haylom et al. 2014) reported that sex has no significantly (p>0.05) effect on body weight, heart girth, body length and height at wither in highland sheep found in Atsbiwonberta. The body weight of indigenous rams (26.09±0.47 kg) and ewes (22.46±0.31 kg) in the current study was lower than those reported for Gozamen, Sinan and Hulet eju districts in East Gojam rams (30.8 kg) and ewes (28.3 kg) reported by (Abera et al. 2016) .
However, the body weight of indigenous rams (26.09±0.47) and ewes (22.46±0.31 kg) in the current study was higher than those reported for Menz rams and ewes, with 22 kg and 19.3 kg, respectively ) and (Mohammed et al. 2015 ) who reported 25.86±0.20 kg for Gubalafto ram but almost similar for Gubalafto ewe (22.55±0.15 kg).
Male sheep were consistently higher body weight, wither height and rump height (p<0.01) than females while body length and chest girth were higher in number but not statistically significant. Differences in live weight and most of the body measurements between sexes observed in indigenous showed that these parameters are sex dependent. The body weight and other linear measurements of local x Awassi crossbred were higher than the indigenous sheep that are found in the study areas. This finding is higher than reported by Gebreyowhens and Tesfay (2016) for highland sheep population of Tigray region.
Age effect
In the highland sheep found in Atsbiwonberta, age has an effect on the live body and linear body measurements (Gebreyowhens and Tesfay 2016) . In this study body weight and all the body measurements of indigenous sheep were significantly (p<0.01) affected by age group in the study areas. In these study areas, indigenous breed of body weight and all linear body measurements were increased as the age increased from the youngest (0 PPI) to the oldest (≥ 2 PPI).
The report of the current finding is in line to the previous reports of (Edea et al. 2009 ) for Bonga and Horro sheep; (Gebreyowhens and Tesfay 2016) age of the individual animal advanced, the average values of live body weight, heart girth, body length, and height at wither are significantly (P<0.05) increased in the highland sheep population in Tigray Region. The current study observed that growth rate from 0PPI to 1PPI was higher than as compared to that from 1PPI to ≥2 PPI in live body weight of the indigenous sheep population.
Age by sex interaction
As the age of the male and female sheep advanced, their body size also increased resulted male are heavier than female sheep. It is obvious that both sex and age have a synergetic effect of body size of the animal (Gebreyowhens and Tesfay 2016) . The interaction of sex and age group was significant (p<0.01) for body weight, chest girth, wither height and rump height but not significant (p>0.05) for body length for indigenous sheep. This might be these parameters were not affected by the sex-age interaction effect.
The current finding in the interaction effect between sex and age is in line to ) for Menz and Afar sheep, (Mohammed et al. 2015) for Habru and Gubalafto districts and (Gebreyowhens and Tesfay 2016) for Atsbiwonberta district significantly (p<0.05) affected body weight, heart girth, wither height and rump height while body length was not affected significantly (P>0.05). However, previous findings of (Abera et al. 2016) reported that age by sex interaction had a significant effect (p<0.05) for only body weight. In all age groups of indigenous males sheep were heavier (p<0.01) than females.
Body weight obtained at the 0PPI age group of indigenous male and female sheep in this study was lower than (Mohammed et al. 2015) but at the age of 1PPI and 2PPI of indigenous male was higher, age of 1PPI indigenous female is almost similar, 2PPI higher than (Mohammed et al. 2015) who reported for Habru and Gubalafto districts. Body weight of in this study of indigenous male and female sheep in all age group is higher than the ) who reported for male and female Menz sheep.
The overall body weight of indigenous sheep (24.27±0.28 kg) in three districts are similar to (Mohammed et al. 2015 ) (25.51±2.15 kg) for Habru and Gubalafto districts. The overall scrotum circumference of indigenous sheep is in agreement with (Mohammed et al. 2015) for Habru and Gubalafto districts. A significant effect of sex and age of sheep on body weight of sheep is reported by many scholars for different breeds of sheep Edea et al. 2009; Bimerew et al. 2011) .
Correlation between body weight and linear body measurements
Determining animal live body weight, linear body measurements and their interrelationship and correlation are very important for determining genetic potential, breed standards and improved breeding programs for higher meat production (Younas et al. 2013) . Correlation coefficients of live body weight with other quantitative variables for male and female indigenous sheep in three districts and local x Awassi crossbred are presented in Table Means with different superscripts within the same column and class are statistically different. Ns = Non-significant; *significant at 0.05; **significant at 0.01, NA = none applicable. N = number of sheep, BW = body weight, BL = body length, CG = chest girth, WH = wither height, rump height and scrotum circumference. 0 PPI = 0 pair of permanent incisors; 1PPI = 1 pair of permanent incisor and ≥ 2 PPI = 2 or more pairs of permanent incisors. LSM = least square mean and SE = standard error. Means with different superscripts within the same column and class are statistically different. Ns = Non-significant; *significant at 0.05; **significant at 0.01, NA = none applicable. N = number of sheep, BW = body weight, BL = body length, CG = chest girth, WH = wither height, rump height and scrotum circumference. 0 PPI = 0 pair of permanent incisors; 1PPI = 1 pair of permanent incisor and ≥ 2 PPI = 2 or more pairs of permanent incisors. LSM = least square mean and SE = standard error Among measured linear quantitative variables of local x Awassi crossbred male sheep wither height (r = 0.71) was strongly correlated with the body weight whereas chest girth (r = 0.88) was correlated with body weight for female sheep. This highest correlation of wither height and chest girth with body weight than other body measurements is in line with other results (Gizaw et al. 2008; Getachew et al. 2009; Alemayehu 2011; Abera et al. 2016 ). The strong correlation of different measurements with body weight would imply these measurements can be used as indirect selection criteria to improve live weight (Gizaw et al. 2008; Getachew et al. 2009; Abera et al. 2014; Mohammed et al. 2015; Abera et al. 2016; Bireda et al. 2016) or could be used to predict body weight. The high correlation coefficients between body weight and body measurements for male and female suggest that either of these variables or their combination could provide a good estimate for predicting the live weight of sheep from body measurements.
Prediction of body weight from different linear body measurements
Multiple regression analysis in the study areas is presented in Table 5 . Regression analysis is commonly used in animal research to describe quantitative relationships between a response variable and one or more explanatory variables such as body weight and linear body measurements especially when there is no access to weighing equipment (Cankaya 2008) . The accuracy of functions used to predict live weight or growth characteristics from live animal measurements is of vast financial contribution to livestock production enterprises. Multiple regression equations were developed for predicting body weight from other linear body measurements. Stepwise regression was carried out for each breed within each sex and age group for each breed by entering all traits at a time for male and by excluding horn length and scrotum circumference for females for selection of independent variables.
In all sex category of indigenous sheep (for three districts of indigenous) and local x Awassi crossbred chest girth was consistently selected and entered into the model in step one procedure of stepwise regression due to its larger contribution to the model than other variables. At second step of stepwise regression chest girth and body length was selected to be in the model, at third step 3 independent variables, etc. The coefficient of determination (R 2 ) represents the proportion of the total variability explained by the model. In most cases chest girth was found to be the most important in accounting large proportion of the changes in the body weight, this measurement was reported for Afar and Menz ), for Bonga and Horro (Edea et al. 2009 ) and for Gozamen, Sinan and Hulet eju districts (Abera et al. 2016) . Chest girth was more reliable in predicting body weight than other linear body measurements at farmer's level when there are no facilities to take the whole measurements.
Scientifically, chest girth, body length, tail circumference, body condition score and wither height were found to have a significant association with body weight for indigenous males which explained the total variability of 92% to the dependent variable body weight. Similarly, chest girth, body length, body condition score, wither height, rump height and tail length were found to have a significant association with body weight for indigenous females which explained the total variability of 80% to the dependent variable body weight.
Wither height and body length were found to have a significant association with body weight for local x Awassi crossbred males which explained total variability of 61% to the dependent variable body weight. Whereas, chest girth and body length had a significant association with body weight for local x Awassi crossbred females which explained the total variability of 80% to the dependent variable body weight.
The R 2 was the criteria are used to select the model.
The R 2 always increase as a new variable was added to the model thus we have to consider when new variable added to the model, which variable will notably increase the R 2 change when added to the model. Generally, in most cases where regression analysis is applied, there can be several potential independent variables that could be included in the model. It is often not easy which variables are really needed in the model. The precision of the model becomes less when we use few variables in the model and inclusion of many variables lead to multicollinearity ).
The addition of more variable under field condition increase error incurred by the individual taking measurements and some variables are more affected by the animal posture so it is difficult to measure such variables accurately. It was recognized that chest girth is among the variables least affected by the animal posture and easy to measure than other measurements like withering height and body length. Thus under field conditions, live weight estimation using chest girth alone would be preferable to combinations with other measurements because of difficulty of the proper animal restraint during measurement.
Regression models for predicting body weight of males and females of indigenous sheep and Awassi crossbred in south Wollo zone selected districts could be based on regression equation;
For indigenous male Y=-36.21+0.47CG+0.26BL+0.09TC+0.10BCS+0.19WH for males Where Y = response variable (body weight) and chest girth, body length, body condition score, wither height, rump height and tail length are explanatory (independent) variables.
For Awassi x local crossbred male Y =-19.04+0.54WH+0.37BL for males Where Y= response variable (body weight) and wither height and body length are explanatory (independent) variables.
For Awassi x local crossbred female Y =-44.32+0.77CG+0.18BL Where Y = response variable (body weight) and chest girth and body length are explanatory (independent) variables.
To summarize, the study of on-farm phenotypic characterization of indigenous sheep population is carried out in South Wollo zone mainly in three districts (Wogide, Borena and Legambo). In addition, local x Awassi crossbred sheep were considered in Legambo district only. There was a variation in body weight and in all linear body measurements of in these districts. This might be due to environment and genotype differences. The result showed presence of good indigenous sheep genetic potential in the study areas. The breed has potential for improving livelihood and to increase economy of smallholder farmers in the study areas as well as in the surrounding areas. Notable variation among indigenous population was observed. Indigenous population in Wogide and Borena were found larger in size. Relatively large size sheep population in Wogide and Borena compared to Legambo might be attributed to better feed resource and natural selection under better environment. Community-based crossbreeding which has been implemented Debre Berhan Agricultural Research Center at Chiro village successfully improved size and the productivity of local sheep in the Legambo district. Good phenotypic correlation was observed among body weight and linear body measurements. This would help for body weight prediction as well as using measurements directly to select best animals for future breeding. In this study, local x Awassi crossbred had significantly higher values for body weight and other linear body measurements than indigenous sheep. In this study, local x Awassi crossbred with indigenous Wollo sheep in Legambo district especially Chiro village was good indicator to improve local sheep through crossbre eding. Thus, strengthen the existing crossbreeding program in Legambo site and scaling out to similar areas in a controlled way is suggested. However, current attempt and interest by the extension to expand crossbreeding in Wogide and Borena areas need to be considered carefully. Such type of approach might not bring attractive benefit rather will dilute such valuable indigenous genetic resources found in the areas. Thus, an in-situ conservation and improvement of the indigenous sheep in Wogide and Borena would be crucial before being diluted the adapted and relatively productive genotype.
